Nowadays almost all chemical analyses on material from patients are performed on cell-free plasma or serum separated from blood.
Body Compartments
Plasma occupies only a very limited portion of the body (Fig 1) . The normal plasma volume is 3 to 3 5 1. out of a total extracellular fluid volume of 13 to 16 1. Most of this is interstitial fluid, while the special compartments, lymph and transcellular fluid (e.g. gut), occupy about 1.5 1. each. The normal intracellular fluid volume is about 30 1. and the total body water is about 45 1. The total body mass of an adult man, consisting of water, dissolved material and non-fat solid, is about 70 kg, or 70 1. (for a detailed consideration of body composition, see Brolek 1963) .
Each compartment of the body has a different composition, and movement between the compartments is not necessarily free. In disease; changes between the compartments are not uniform, and analyses of the plasma compartment therefore do not necessarily reflect changes in the other compartments even though the latter may be more important. There are different extracellular and intracellular internal environments (Robin & Bromberg 1959) .
For a few substances which are freely diffusible, such as urea, measurement of the plasma concentration or, more accurately, the concentra- tion in plasma water, also measures the concentration throughout all the body water. For the majority of substances plasma analysis is used most often because it is the easiest method of study. The whole body can be thought to be in some respects a set of open steady-state systems (Drabkin 1959) . The gut and lungs are sites of intake and output; the sweat glands and kidneys only of output. The plasma exchanges component with the blood cells and, through the interstitial fluid, with the body cells. Some material in the body cells is readily exchangeable and some may be in storage form. Fig 2 gives a very generalized picture of these exchanges. The plasma concentration or activity of a component is maintained constant, or approximately so, excluding the alterations due to meals and diurnal variation, by a balance between inward and outward flow. This assumes, unless we are studying water concentration, a constancy of plasma water volume; a fall in plasma water will lead to an increase in Fig 2 Eochanges between thie exterior, plsma, and other body comprments, givn rise to that conceatration ofa t wich Is meared by samplf the plama. E , extraellar uid. ICF, intracedilular the plasma concentration of a component whose total plasma content remains unha . A proportion of ny components is in an inactive or storage form, usually due to binding.to plasma proteins. For such a component, of which the hormones are the eat example, what mattrs is not the total concetration in plasma but the frtee or active concentration. The concentration (or capacity) of biniding protein can be changed thus altering the bound and therefore the total concentration of a component in the plasma; the active fraction may remain unchangd. A hormonal example is the rise in protein-bound iodine causd by oral hormonal contraceptives which alter thyroxine-binding protein; the free thyroxine and thyroid function remain normal. Another exaiple of the importance of proWinbinding is shown by the need, when hypercalc?mia is maina, to aow for possible hypopro_einia in order to show a significantly raised serum izdalcium.
The measured total concentratiosf dif t componets m the body coiipartnents vary greatly (Widdowson & Dickron 1964) . (Spector 19, Lg 1961 , Docw_enta Geiy 1962 , Wintrobe 1967 , Pitts 1968 ). I al fluid, being an utrafia of plsma, has a simiar to plasma with a mh lower c of piroein and a hiher cw of chloride.
Compred -with extacellular fluid the cells have less so4ium, more potassium (the dominant cation) and and more 'other' anion which is mainly protein, phosphate and organic acids. The calcium content is variable. The values for cell bicarbonate are obtained by calculation, assuming a Pco, of 40 mmHg. There are many anomalies which are as yet unexplained, such as the high sodium concentration in the liver, perhaps due to a higher proportion of extracellular material, and the low magnesium concentration in the non-nucleated erythrocytes.
Two sets of results are given for muscle, the second being the calculated composition of muscle cells only as distinct from muscle as a tissue. This assumes that virtually all the muscle chloride is extracellular and that muscle cells contain negligible chloride (Graham et al. 1967) . As a result the muscle potassium is higher, and the sodium lower. The concentrations throughout are expresd as the f mEq/l, wn not as the nowr (and nunc idtical) mmol/l (Dybkaer & J0rgensen 1967) which need not imply complete ionization. As all the intracellular electrolytes are not fully ionized their concentrations cannot be used directly for calculations of intracellular osmotic pressure.
Problems of Cell Analysis
The results shown in Fig 3 represent in many respects a serious over-simplfication. The first problem, especially for electrolyte conceartions in cells, is that of the reference bas (Dubois et al. 1966) . Is the concentration of sodium, for example, best expressed per unit wet weight (whether or not fiat-free), per unit dry weit, or per unit of tot tise or cell water? The last is used in Fig 3 for Another problem is that the chemical concentration of a component cannot always be equated with its biological activity. This is obvious for fixed tissues such as bone where most of the calcium and other electrolytes is in storage form; but it probably also applies to some extent to the majority of electrolytes in cells. Not all the water in a cell is available to act as a solvent (Cook 1967) ; this subject is considered in detail in Whipple (1965) . Within the cells the nature of the water (Dick 1965) and the physicochemical state of the ions (Joseph 1966) are different from those in free solution. Joseph (1968) considers that intracellular sodium is fully ionized, but not potassium or chloride. Rose (1968) has proposed a method for the determination of intracellular magnesium ions.
The third problem is that tissues are not uniform; this is relevant in several ways. It is not always valid to analyse material even from one muscle and to assume that the results are applicable to all muscles. For example, it has been stated that the potassium content of the deltoid is 122 mEq/l tissue water, that of the rectus abdominus is 117 mEq/l tissue water, and that these differences are consistent and significant (Flear et al. 1968 ). The lactate dehydrogenase isoenzyme distribution is known to vary from muscle to muscle, the higher the relative activity of anaerobic glycolysis the higher the proportion of M subunits. Within the blood the capillary, venous, and arterial composition may be very different for components, such as glucose, oxygen, or hydrogen ions, which are concerned with peripheral tissue metabolism. These concentrations may also vary in different parts of the body. Such differences represent different metabolic activities. In disease there may be nonuniform changes in various parts of a diseased organ and this has been especially studied in relation to the liver. An organ does not have a uniform cellular composition, a fact which is often ignored, particularly in enzymological studies (Morrison et al. 1965 ). To use the term 'liver' alkaline phosphatase overlooks the fact that liver contains not only parenchymal cells, which comprise about 80% of the cells, but also duct cells, Kupffer cells, hamopoietic cells, and others, all probably with their own pattern of alkaline phosphatase isoenzymes. The isoenzyme or other composition of a tissue changes during development; this is considered to be a reflection of change not only in the metabolic functions and therefore the composition of the cells, but also in the cellular composition of the tissue. Erythrocytes would seem to be a uniform tissue for analysis but in any blood sample they are of different ages and may therefore differ in composition. The activities of glucose-6-phosphate dehydrogenase and of many other enzymes decrease as erythrocytes age (Prankerd 1961, p 8) , and their composition is also different at the top and bottom of a centrifuged column (Keitel et al. 1955 ). As to the other blood cells, leukocytes consist of several types which differ in function, in proportion of nucleus and cytoplasm, and therefore presumably in composition.
Lastly, to analyse complete cells is to ignore the knowledge that they are structured and that the cytoplasm, with or without organelles, may have a different composition from that of the nucleus. It has been shown that the sodium and chloride concentrations in the nucleus of rat liver are about ten times that in the cytoplasm and that the potassium concentration is slightly higher (Siebert & Humphrey 1965 , Langendorf et al. 1966 . Examination of pigeon muscle has shown that the sodium/potassium ratio in the mitochondria is about 0-6:1 which is four times that in whole muscle (Craston & Manery 1963) . As the sodium and potassium are not wholly present as free ions, their relative activity in the different subcellular compartments is not known.
There are advantages of simplicity in analysing blood plasma or serum taken from a vein in the antecubital fossa, and neglecting the differences between plasma and serum and the difference between the results of collection in glass and in plastic. This latter point principally concerns the contribution of platelet breakdown products to the cell-free compartment of blood. For example, if blood is collected in suitable containers to avoid all platelet breakdown its acid phosphatase content is zero because the normal acid phosphatase of plasma comes from the platelets (Zucker & Borelli 1958) . Nevertheless cell analyses are useful and there have been many publications on the chemical analysis of human tissues and cells both for metabolic studies and for the investigation of disease (partly reviewed in Bittar 1964 , Kernan 1966 , Bianchi 1968 ). Most of these are research studies, often not confirmed by other workers. This paper is mainly confined to work done on human tissues and omits the specialized fields of diseases of the brain and nervous system, and of toxicology. The references are not intended to provide a complete bibliography.
Methodology
There are certain problems of analytical technique. The standard methods of clinical biochemical analyses were worked out forty or fifty is years ago for analysis on about 1 g (1 ml) of plasma (Peters & van Slyke 1932) . Ordinary socalled micromethods which date back about twenty years use 100 mg (0-1 ml) of plasma, and do not need special equipment (King 1946) .
Pediatric or ultra micromethods which are five or ten years old use about 10 mg (0-01 ml, 10 microlitres) of plasma and for them special modifications of standard equipment are necessary (van Haga & de Wael 1961) . The procedures for blood cell or biopsy samples generally use the same methods as those used for pzdiatric blood analyses. An order of magnitude smaller, as is used sometimes for biopsy samples, requires physical rather than chemical techniques such as neutron activation analysis (Bowen & Gibbons 1963) , or even X-ray emission spectrometry or, for single cell analyses, electron probe microanalysis. At the opposite end of the scale, in the whole living subject, whole body potassium can be measured by the natural radiation of 40K and whole body sodium or calcium by neutron activation (Chamberlain et al. 1968 ). Isotope dilution techniques are well established (Moore et al. 1963) .
Localized Diseases
When a disease is confined to one organ, it is natural to examine that organ; the obvious reason for cell analyses is localized disorder. Limitations of technique rather than outlook have delayed the spread of such procedures and they are not a main theme of this paper.
Diseases of erythrocytes are a subject on their own (Lehmann & Huntsman 1966 , Dacie 1967 : for example, the hmmolytic anemias due to congenital enzyme deficiencies such as glucose-6phosphate dehydrogenase or pyruvate kinase, diagnosed by enzyme analysis of the erythrocytes, and the htmoglobinopathies. The recently elucidated disaccharidase deficiencies are more surely diagnosed, especially in difficult cases, by quantitative analysis of the actual missing enzyme in its site of action in the mucosa of the small intestine (McMichael et al. 1966 ) than by measuring secondary effects due to failure of digestion and absorption.
Storage Diseases
Cell analyses are equally applicable when more than one organ is affected and when plasma analyses are not much help. In the storage diseases a group of organs may be affected. Though their diagnosis can sometimes be made by determination of secondary effects in the plasma, certainty of the nature of the material stored or of the type of the genetically determined enzyme defect responsible (when this can be identified) can only be obtained by analysis of the abnormal tissue. Liver, spleen and lymphoreticular system are usually involved, muscle and brain less often. In all these circumstances the physician must balance the discomfort and possible risk to the patient of the biopsy against the gain of making a certain diagnosis. In Wilson's disease (Beam 1966) , although liver copper is increased, plasma analyses are usually conclusive.
In other examples, McArdle's disease, Von Gierke's disease (Field 1966) and Gaucher's disease (Lees & Moser 1966) the diagnosis is usually made on clinical grounds; the plasma analyses are not much help, and for definitive distinction from other diseases of the same nature cell analysis is necessary.
Leukocytes in Storage Diseases and Metabolic Disturbances
It is sometimes possible to use more easily available cells. Leukocytes are often affected by inborn errors of metabolism or generalized storage disease. By analysing them, instead of by liver, spleen or brain biopsy, it may be feasible to make a diagnosis without discomfort to the patient. This type of study is relatively new. It is possible to detect in leukocytes the enzyme deficiencies of certain types of glycogen storage diseases, such as Hers' disease, limit dextrinosis and Pompe's disease (Steinitz 1967) ; the biochemical abnormalities of some lipid storage diseases, such as Gaucher's disease and Niemann-Pick's disease (Kampine et al. 1966) ; the deficiency of arylsulphatase in metachromatic leukodystrophy (Percy & Brady 1968) ; the decarboxylating enzyme deficiency of maple syrup urine disease (Dancis et al. 1963) ; and excess cystine in cystinosis (Schneider et al. 1968) . The low leukocyte alkaline phosphatase of myeloid leuktmia is well known, but its significance is uncertain.
Nutritional Diseases
Malnutritional states are an important indication for cell analyses as these show the state of the body stores, which plasma analyses do not. In. protein malnutrition (including kwashiorkor) there are major changes in body composition; plasma albumin is unlikely to be replaced by assay of muscle protein, though studies of the latter are particularly valuable for research (Brock & Truswell 1968) . Iron deficiency affects all tissues of the body (Beutler 1964) and measurement of an iron-containing enzyme, cytochrome oxidase, may be a more certain way of determining tissue iron saturation than serum iron or hamatological studies. For vitamin deficiencies cell analyses are important. Measurement of serum vitamin A is generally used for assessment of its deficiency, and this is reasonably satisfac-tory, but liver vitamin A has been claimed to be a better indication of tissue saturation (McLaren 1967) . Perhaps more easily available cells such as buffy coat could be used. Many of the vitamins of the B group act as co-enzymes or prosthetic groups. Deficiency of thiamine (vitamin BJ) can be investigated by the pyruvate metabolism test which involves finding a high blood pyruvate after a glucose load. This abnormality is due to deficient activation of the enzymes responsible for the further metabolism of pyruvate. If possible, it is much better to measure directly such a reduced enzyme activity. Erythrocytes are easily available cells and patients with thiamine deficiency have a low erythrocyte transketolase activity. This is raised by the addition of thiamine pyrophosphate as the enzyme concentration is normal (Sauberlich 1967) ; patients with liver disease have a low transketolase activity and concentration so the addition of thiamine pyrophosphate makes little difference. Vitamin B6 (pyridoxal phosphate) is required for transamination and a similar phenomenon occurs, although pyridoxal deficiency is rare in man. Aspartate transaminase is assayed in erythrocytes before and after the addition of pyridoxal phosphate; this measures tissue saturation and is better than plasma analyses (Raica & Sauberlich 1964 ). For riboflavin (vitamin B2) (Pearson 1967 ) and folic acid (Herbert 1967) direct erythrocyte assays of the vitamin probably have the same advantage over the measuring of plasma levels. In pellagra (nicotinic acid deficiency), erythrocyte nicotinamide nucleotides are said to be normal (Raghuramulu et al. 1965 ).
Measurement of ascorbic acid deficiency is often done by analysis of urinary ascorbic acid, such measurements being indirect although useful. Plasma ascorbic acid is less satisfactory; tissue saturation is again the important factor and the easily obtainable buffy coat of leukocytes and platelets has been found to be the best material to analyse (Vilter 1967) .
Water and Electrolyte Disease Different problems are involved in the analyses of cells for water, hydrogen ions and the other major ions.
There are normally considerable differences between electrolyte and water concentrations in extracellular fluid and in the cells (Fig 3) , and the changes in disease may be just as different. So, in disorders of water and electrolyte distribution plasma analyses alone are not a wholly reliable guide. The application of formulas to calculate body losses, and therefore treatment, from changes in plasma values can be very misleading. Cell analyses might be a very helpful addition to the fluid balance chart in the assessment and treatment of disorders of water and electrolyte distribution.
There are some further problems of analytical methods. For all cells, because of the technical problems involved, it had been usual to consider the cells with their accompanying extracellular fluid as a single tissue. This assumed, not necessarily incorrectly, that the extracellular fluid remained relatively constant in composition and volume except in disorders of water and electrolyte distribution. It is desirable, however, to ensure that the material to be analysed, which by the very nature of a sample must consist both of cells and of fluid packed between the cells, is nevertheless considered only for its cell component. This requires knowledge of the proportion of extracellular material. For free cells such as erythrocytes and leukocytes (or less usually platelets or tissue culture material) this can be obtained by using any material such as '311_ albumin or 35SO42to which the cells are impermeable but which can go freely between them; the proportion of extracellular material in a given mixture can easily be found (Czaczkes et al. 1967) . For tissue such as muscle this is more difficult. Not only must the proportion of extracellular water be determined but also the amount of water within the cells. The normal technique for this is oven drying which serves to ascertain whether the amount of cell water is increased or decreased as an aid to our study of disorders of water distribution; the cell water can also be used as a reference base. The major electrolytes sodium and potassium are easily measured by standard flame photometry, and chloride by a suitable micro titrator or automatic apparatus. For calcium and magnesium atomic absorption spectrophotometry is suitable. For the three usual tissues, muscle, leukocytes, and erythrocytes, these semi-micro procedures are satisfactory without going to the length of working with neutron activation analysis. The latter is used especially for small biopsy samples and for trace elements such as copper (Todd et al. 1967) .
In the study of hydrogen ions major difficulties arise (Caldwell 1956 , Siesjo & Ponten 1966 . The ordinary electrode method for measuring pH in liquids is not applicable to tissues which are semi-solid, as insertion of an electrode into a cell may damage it so much that the pH is altered. Investigators have put special electrodes into certain cells such as giant axons of the squid (Caldwell 1958) and even into rat skeletal muscle (Carter et al. 1967) ; the techniques are difficult and not applicable to routine or ordinary research analyses. A second difficulty is that intracellular pH is indefinable because each compartment and organelle has a different metabolic function. It is therefore not unlikely that each has a different pH and that what is measured is the overall hydrogen ion activity of the cell. This gives its relation to the extracellular fluid but has less significance for cell metabolism. Some work has been done on the pH of mitochondria in contrast to that of cell cytoplasm and it has been claimed that in rats (whose plasma pH is 7 4) the liver cytoplasmic pH is approximately 7 0 and the mitochondrial pH 6-6 (Robin et al. 1960 ). It has also been stated that mitochondrial pH is little different from that of the cytoplasm (Chance 1967). The method generally employed for the study of total cell pH uses the weakly ionized acid 5,5-dimethyl-2,4-oxazolidinedione (DMO) (Waddell & Butler 1959) , often used as ["4C]DMO.
The procedure makes certain assumptions, but at present it is the best available. It assumes that in any mixture of cells and extracellular material the distribution of DMO between plasma or other extracellular fluid and the intracellular fluid depends on the relative hydrogen ion concentrations. It is therefore possible to add DMO to a mixture of cells and extracellular'fluid and by measuring the extracellular pH and DMO concentration, and the intracellular DMO, to calculate the intracellular pH. This applies whether the mixture is artificial in the test tube or an in vivo mixture employing a whole tissue or even a whole animal. Table 1 shows the available results on the pH of human tissues. The whole body value must be considered to represent mainly skeletal muscle and gives the same result as muscle; the contribution of bone is not known. The erythrocyte values do not give identical results when measured by direct and indirect methods. The preliminary results on mixed leukocytes are at an external pH of 7-4 and Pco, of 40 mmHg. In experimental animals changes in cell pH (measured by DMO) have been studied in conditions of altered extracellular pH. Extracellular 'metabolic acidosis' caused only a slight change in intracellular pH, whilst extracellular 'metabolic alkalosis' caused an intracellular alkalosis (Irvine & Dow 1966); the reasons for this are not fully known. As many of the causes and the effects of acid-base changes are intracellular and not extracellular (Relman 1966 , Robson et al. 1968 ) this work has continuing importance. 
Erythrocytes
Erythrocytes are an obvious tissue for analysis because they are easily available. They comprise about 2-5 % of the body cell mass and when obtained from peripheral blood are in full contact with plasma. Because they are not nucleated their composition and metabolism are atypical, and it is therefore unwise to use them for cell analyses and to apply the conclusions to the whole body cell mass. Many published reports are contradictory. A high erythrocyte sodium has been found in uriemia (Welt et al. 1964) , perhaps due to poisoning of the sodium pump (Welt 1967) . A low erythrocyte sodium (with normal plasma values) has been reported in congestive heart failure by Seller et al. (1966 ), while Bellisario et al. (1966 claim the opposite and also find marked sodium retention in cirrhosis. In another thorough study a fall in sodium has been reported in cirrhosis, and a rise in potassium and water in heart failure (Czaczkes et al. 1967) . In rheumatoid arthritis a high erythrocyte potassium and low sodium have been claimed (Reich & Hauff 1964) . It is interesting that in periodic paralysis and metabolic acidosis the erythrocyte electrolyte values follow the plasma values (Prankerd 1961, p 121) . Sodium, potassium and water were found to be increased in human and experimental hypertension (Losse et al. 1966) . The fall in potassium and rise in sodium in acute hepatitis could be ascribed to a general sick-cell syndrome (Otto 1965) . General indications for erythrocyte electrolyte analysis have been reviewed by Kaufmann et al. (1963) .
Muscle Cells
Muscle analysis is more valid. Muscle comprises about 60% of the body cell mass; as the largest single tissue it is perhaps typical of all body tissues. A problem in analysis of muscle, apart from the possible discomfort to the patient, is that changes in one muscle may not necessarily be typical of those in other muscles, though it is likely that gross changes such as potassium deficiency will be evenly distributed throughout the body.
A piece of muscle tissue on biopsy consists not only of skeletal muscle cells but also of fibrous tissue, blood, &c. This fact reduces the sensitivity of the changes found but does not hide gross deviations. A further problem is how to determine the proportion of the biopsy sample that consists of extracellular fluid between the actual muscle cells, which is about 20% of the weight of the tissue (Barratt & Walser 1968 ). In disorders of water and electrolyte distribution, in which these analyses are most often needed, the proportion and composition of the extracellular fluid will change. This must be allowed for, otherwise the results will be wrong. Such calcu-lations have been done by working out the chloride distribution space and assuming that no chloride is intracellular, but this assumption is unproven and if correct in health may be incorrect in disease; sulphate space may be more acceptable. There have been a number of valid publications on changes in major electrolytes in muscle in physiological and pathological states.
Analysis of muscle in various disorders of water and electrolytes has been found to give a good measure of body sodium and water deficiency and to demonstrate that plasma and cell changes do not necessarily move in parallel (Muldowney & Williams 1963) . In chronic renal failure a low intracellular potassium and a high chloride space have been found (Villamil et al. 1963) . In acute renal failure with a low plasma sodium, a high cell sodium and water have been reported (Graham et al. 1967) . The expected potassium deficiencies occur in conditions of potassium loss from the body (Torres-Pinedo et al. 1966) or in periodic paralysis (Shishiba et al. 1966) . Illness in general seems to cause sodium gain and potassium loss from muscles (Flear et al. 1968 , Mastynsk et al. 1963 . High muscle potassium in acromegaly is unexplained (Palmieri & Ikkos 1965) . Potassium loss and sodium gain in dystrophic muscles (Williams 1957) may be due to non-specific cell membrane damage.
Nails
The electrolyte composition of the nails is said to reflect in many respects the tissue electrolytes in malnutrition (Leonard et al. 1968) . A high nail sodium has been found in pancreatic cystic fibrosis and claimed to be diagnostically useful (Kopito et al. 1965) .
Leukocytes
Because of the difficulties of muscle assay I have studied leukocytes as typical cells (Roberts & Baron 1962 , Baron & Roberts 1963 , Roberts & Baron 1963 , Omar-Ahmad & Baron 1965 , Omar-Ahmad 1965 , Baron & Ahmed 1969 .
By taking 15 ml of blood it is possible to obtain enough leukocytes (25 mg) for analyses of water, sodium, potassium, and pH at no discomfort to patients or to normal volunteers. The heparinized blood is added to high molecular weight dextran dissolved in a cell preservative medium similar to a plasma ultrafiltrate. This sediments the erythrocytes, and the supernatant contains a leukocyteerythrocyte ratio of about 1:1 instead of the normal 1: 800. After centrifugation the leukocyte button is rapidly treated with distilled water which lyses the remaining erythrocytes but does not harm the leukocytes. Isotonicity is quickly restored by adding hypertonic preservative (Fig 4) . Only gentle centrifugation may be permitted as anything more damages the cells; as a result about 43 % of the volume of the final cell button consists of extracellular preservative medium. By the use of 1311-HSA (or sulphate) this extracellular material can be measured. Results of leukocyte analysis are (mean ±s.d.): water 64-1 +4 1, protein 25 8±1*7 g/100 g wet weight; sodium 34-4±9-2, potassium 137-1+11-6, magnesium 45*4+4*5, calcium 10-4±1t5, chloride 110-5±14-5 mEq/l cell water (Baron & Ahmed 1969).
Our earlier work did not take separate note of the extracellular fluid. The technique when practised was so reproducible that it was thought feasible to consider the leukocyte button of cells plus extracellular medium as a tissue, in the same way as a piece of muscle removed at biopsy is a tissue, because the proportion and composition of extracellular contamination remained reasonably constant. The 1969 results here reported are corrected for the extracellular fluid and Table 2 compares the two types of result; the corrections 1969) look slightly different when expressed per kg wet wt and per litre cell water. As in the case of muscle, this correction lowers the water and sodium (and chloride) concentrations and increases the potassium (and magnesium) concentrations. Our recent calculations have shown that the cell potassium in males is significantly lower than that in females (132:142 mEq/l cell water); this has previously been reported in erythrocytes (Beilin et al. 1966 ). Serum potassium is slightly higher in males (Whitehead 1965) .
A valid criticism of this procedure is that we are analysing a tissue of mixed cells (neutrophils, eosinophils, lymphocytes, monocytes, &c.) with greatly different proportions of nucleus and cytoplasm, and the probable different electrolyte constitutions of these compartments have already been noted. Also the cells, having different functions, will have different electrolyte compositions apart from their different proportions of nucleus and cytoplasm, and these compositions may vary with the age of the cells. There are many methods of separating leukocytes and obtaining pure lymphocytes, some of which are widely used in immunology and haematology. The only information seen on the composition of lymphocytes (Zieve et al. 1967 ) states that their potassium concentration was about 70 mEq/l cell water and the chloride concentration 87 mEq/l cell water; no evidence was given about correction for the extracellular fluid or about the viability of the cells.
So far we have not used this improved technique in the investigation of disease states. Roberts & Baron (1963) examined leukocytes from patients with ascites due to advanced liver failure from cirrhosis who were being treated with a low sodium diet and with diuretics; the leukocyte water was generally decreased with no consistent changes in sodium and potassium. Patients with long-standing chronic renal failure who were being considered for treatment by hamodialysis had a consistent fall in the leukocyte sodium which did not correlate with changes in the serum sodium or the blood urea. This work will have to be repeated using the new technique which takes into account the extracellular fluid. Conclusion I have tried to show that examination of cells can often add much to our knowledge of disease and to our investigation of a patientback to Virchow! For electrolyte disturbances the practical contribution is still unproven, and cell analysis is not a regular investigation. For the storage diseases, and for vitamin deficiencies, cell analysis has become necessary. My limited review has been intended to demonstrate that there is still a lot to be done, both on funda-mental studies and on clinical applications As to my particular interest, leukocyte assay, its use in electrolyte studies is not established. Its use for inborn errors of metabolism, and for nutritional problems, should extend. I hope that I may stimulate others to take up the problems.
